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Abstract 
Producers operating on a competitive market seek possibilities for maximization of expected profit by increasing production, 
especially by non-decreasing returns to scale. Nevertheless, the low growth rate of demand for agri-food products must determine 
the change of efficiency-based relations in the sector. Therefore, the Authors believe that the main source of producers’ 
competitiveness and growth is not the increase of input factors but the efficiency of their use. The competitiveness is based on 
productivity. The efficiency-focused modeling presented in the paper bases on the production function, more precisely on the 
SFA method (the Stochastic Frontier Approach), which is appropriate primarily for samples with high randomness. 
The efficiency assessment is carried out on the basis of data collected from farms across Poland with the predominant plant 
production within the framework of FADN (Farm Accountancy Data Network). In the analysis Cobb-Douglas and trans-
logarithmic models are applied. The presented concept can be treated as an empirical illustration of the application of modern 
econometrics methods for economic modeling of competitive development.  
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1. Theoretical background  
Producers operating on a competitive market seek possibilities for maximization of expected profit by increasing 
production, especially by non-decreasing returns to scale.† The increase in production contributes to economic 
growth and thus to the growth of overall economic welfare. But on most of markets in countries with a high GDP 
per capita (eg. countries of Western Europe or North America) the rate of production growth in a sector is 
determined by low demand increment. Researches confirm that a given growth of demand for agri-food products, 
occurring at a specific time, determines also the output growth in the agri-food sector (Figiel & Rembisz 2009). The 
low growth rate of demand for agricultural products can limit the growth in the agri-food sector, and consequently, 
the agricultural production growth inducing technical change. Since the agri-food sector's revenue growth is 
primarily caused by the increase in demand for agricultural products, hence, the gross income of farm producers 
does not increase significantly and satisfactory. Therefore, the low growth rate of demand for agri-food products 
must determine the change of efficiency-based relations treated as a main growth factor in the sector. Therefore, the 
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Authors believe that not the increase of input factors but the efficiency of its use is the main factor of producers’ 
competitiveness that is expressed by the ability for long-term and effective growth and performance.  
The objective of the study is to present a concept of efficiency-focused economic modeling of competitiveness in 
the agri-food sector. Within the framework of the paper the first stage of agri-food supply chain, namely the farm 
producers, is taken into consideration.  
The efficiency-based relations in the agri-food sector are modeled by using production function. In the paper the 
stochastic method based on production function (the SFA method, see the section 2.2) is used for assessment 
of farms' efficiency or productivity. 
2. Methodological considerations  
2.1. Production function  
In the literature, it is assumed that the production frontier illustrates available and effectively used manufacturing 
techniques, since the function determines the maximum size of production (Y) to be achieved by a given level of 
production factor(s) (X). Thus, the production function is a reflection of the state of technology, including applied 
technique, organization, knowledge and experience (Rembisz 2011, pp. 9). The production function is defined by 
Gutenberg as the base function for analyzing production process [Gutenberg 1968], and it was always considered as 
a kind of the foundation of theoretical analyzes (Rembisz 2011) in the neoclassical economics. 
In empirical analysis the Cobb-Douglas and trans-logarithmic functions are the most commonly applied 
functions, and others are: Constant Elasticity of Substitution (CES), generalized Leontief, normalized quadratic 
function and its variants (Battese and Broca 1997, pp. 397). In the analyses focused on the agri-sector the Cobb-
Douglas, CES, Spillman and Mitscherlich functions are used (Bezat et al. 2012).  
Selection of a suitable analytical form for analyses and its validation that would meet the criteria of theoretical 
and practical requirements is a fairly complex process. For an adequate specification of the factor-product and 
factor-factor relationships while selecting an appropriate function and estimation methods one can base on the 
recommendations of the other authors, e.g.: R.C. Agrawal and E.O. Heady (Agrawal & Heady 1972); M.B. Vanotty 
and L.G. Bundy (Vanotty & Bundy 1994); A.J. Schlegel and J. L. Havlín (Schlegel & Havlín 1995). 
The production function’s concept is widely used in the agricultural economics since the work of E.O. Heady that 
used it in the theoretical analysis of the principles of rational management in agriculture. E.O. Heady introduced the 
factor-product and factor-factor relations to the analyses of production efficiency. In fact, it is difficult to find 
currently papers on efficiency in agricultural economics that would not be connected to the production function. 
The production function, as a theoretical description of the input(s)-output relations, by definition should be 
treated as a base for efficiency analysis of production process. The efficiency of production is determined by 
changes in technical relations of inputs or changes in manufacturing techniques’. It is also determined by changes in 
the technical progress that are usually depicted as a change of analytical function of production or by an upward 
shift of the function. 
2.2. Efficiency-focused modeling based on production function  
Efficiency assessment requires defining a function that describes the input(s)-output relations. Models developed 
on the basis of a given function may have deterministic or stochastic character. In a deterministic model, deviations 
from the frontier indicate technical inefficiency. However, the deviations may arise not only from technical 
inefficiency, but also for reasons such as incorrect observations and an impact of variables not included in the 
model, e.g. weather, market shocks or an incorrect selection of a function. These phenomena are called statistical 
noises. The stochastic approach to the frontier model estimation takes into account the existence of a statistical noise 
that is represented by an additional random variable vi. 
                                                                                                                                                                                               
† We assume that in competitive market equilibrium the price is fixed for producer-processor in agri-food sector. 
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One of the stochastic approaches that allow taking into account the statistical noise is the SFA method. The SFA 
widely uses a stochastic procedure for parametric evaluation of the frontier and bases on a production function 
which includes two random components, one of which reflects statistical noise (v) and the other component models 
potential inefficiency (u). The SFA belongs to the methods that base on the input-output relations function and allow 
comparison of technical efficiency of the objects in a sample.  
3. Application of the SFA method 
The efficiency-focused modeling is presented in the paper bases on the SFA method (the Stochastic Frontier 
Approach). Stochastic methods are applied in the paper because, firstly, they are widely used in research all over the 
world and, secondly, they are appropriate for samples with high randomness, including agri-food sector.  
3.1. Dataset 
The efficiency assessment is carried out on the basis of data collected from farms across Poland within the 
framework of FADN (Farm Accountancy Data Network). One needs to remark that data is collected from selected 
farms within the framework of the FADN. The farms with an economic size bigger than 2 ESU‡ belong to the 
Network. The sample covers 1939 farms with the predominant plant production. The selection of a specific group is 
made because of different production’s technologies in farms focused on plant, animal or mixed type of production. 
The production data is reported as revenue/expenditure denominated in PLN in constant prices. The production 
frontiers are fitted for a single output and three inputs. The inputs and the output are identified in Table 1. The inputs 
and outputs are selected to reflect the cost sources and production possibilities on the input side and the revenue 
sources (value of final output – value of production) on the output side.  
 
 
Table 1. Inputs and outputs used to assess the efficiency scores  
Due to the important role of the land factor, which determines the agricultural production processes, the 
production in the agricultural sector should be described by a three-factor function (land factor additionally to the 
capital and the labor factor). 
3.2. Selection of a functional form and specification of the model 
As a parametric approach the SFA requires assuming a specific functional form determining the input(s)-output 
relation a priori (Coelli et al. 2005). Nevertheless, it is recommended to estimate a number of the alternative models 
and to select a preferred model using the likelihood ratio test (Coelli 1996). However, in many cases a model error is 
likely to occur because the fitted functional form is usually the Cobb-Douglas, which is highly restrictive. 
The adequacy of the Cobb-Douglas should be tested against a less restricted functional form, which is the trans-
logarithmic function (Piesse & Thirtle 2000, pp. 474).  
  
                                                            
‡ European size unit, abbreviated as ESU, is a standard gross margin of EUR 1 200 [Eurostat 2012]. Economic size thresholds applied by the 
Commission (in ESU) from year 2008 for Poland amounts 2 ESU. European size unit, abbreviated as ESU, is a standard gross margin of 
EUR 1200 [FADN 2012]. 
Inputs Output 
L – total expenditures on labor (classified in FADN as SE010) 
Y – plant production in value terms (classified in 
FADN as SE135) 
Z – agricultural area in hectares (classified in FADN as SE025) 
K – total costs representing capital factor (classified in FADN as 
SE270) 
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Thus, the study involves two functional forms describing the input(s)-output relations, namely the Cobb-Douglas 
(equation 1) and trans-logarithmic model (equation 2). A stochastic frontier model, originally proposed 
simultaneously and independently by D.J. Aigner, C.A.K. Lovell and P. Schmidt, and Meeusen and van den Broeck 
in 1977 (Coelli et al. 2005), is used. In a general form the tested frontier models take following form: 
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where:  
i – index indicating objects i=1,…,I, where I is a number of objects in a sample, 
j – index indicating inputs j=1,…,l, 
yi – output of an object i,  
xij – input j of an object i, 
β – vector of parameters to be estimated,  
vi – random variable representing the random error, so called statistical noise, 
ui – a positive random variable associated with technical efficiency (TE). 
The description of output and input is according to Table 1.  
The maximum-likelihood estimates of the parameters in the selected stochastic frontier production functions are 
obtained by using the R-software [R 2008]. Comparison of the selected functional forms is carried out basing on the 
likelihood ratio statistics§. The likelihood ratio tests lead to acceptance of the null hypothesis (Table 2), saying that 
the Cobb-Douglas is an appropriate functional form (equation 1). This means that a model with restrictions on 
parameters – the Cobb-Douglas model – better describes the inputs-output relations. Therefore, the empirical results 
obtained from estimating only the Cobb-Douglas function are reported in the section 3.3.  
 
Table 2. Likelihood ratio statistics and model's selection verification  
 
ˆln ( )RL θ
 ˆln ( )NL θ  LR* result
(1) 
48.340912 52.3936 8,10896 acceptance of a H0 - restricted model is appropriate 
(1) The value of test statistic for χ2 distribution for 6 degrees of freedom amounts 12.59.  
After transformation, while taking into account the specific factors pointed out in the Table 1, the equation (1) 
takes the following form: 
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The value of technical efficiency ratio is expressed as a ratio of the observed output (value yi) and the maximum 
output to be achieved in environment characterized by exp(vi), denoted by y* (this value assumes the lack of 
inefficiency – ui=0) and takes the following form:  
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§ The likelihood-ratio test statistics, { }ˆ ˆ2 ln ( ) log ln ( )R NL Lλ θ θ= − − , have approximately χ
2
q  distribution with q equal to the number of parameters 
assumed to be zero in the null hypothesis, where ˆln ( )RL θ  is a logarithm of the maximum likelihood model with restrictions; and ˆln ( )NL θ  is 
a logarithm of the maximum likelihood model without restrictions. 
363 Agnieszka Bezat-Jarzębowska and Włodzimierz Rembisz /  Procedia - Social and Behavioral Sciences  81 ( 2013 )  359 – 365 
 
On the basis of equation (4) it can be stated that the value of the TE ratio varies from 0 to 1, where the unity 
indicates that this firm is technically efficient. Otherwise TEi<1 provides a measure of the shortfall of observed 
output from maximum feasible output in an environment characterized by exp(vi), and indicates the inefficiency of 
this firm.  
3.3. Calculation of farms' efficiency  
The maximum likelihood estimations of the Cobb-Douglas function's parameters are presented in Table 3. All the 
parameters are statistically significant at the significant level lower than 1%. By interpreting the results of the 
inefficiency function one should keep in mind that a negative coefficient reflects reduction of farms inefficiency 
and, hence, increase in efficiency. Two of the estimators presented in the table 3 indicate the negative input-output 
relations, which means that increasing of factor L (labor costs) and factor K (capital costs) lead to a decrease of total 
production value, thus the inefficiency grows (but one should remark that the influence of factor K is much stronger 
than the L's factor). The increase of factor Z (land area) lead to a slightly increase of production value, thus the 
inefficiency goes down.  
Table 3. The maximum likelihood estimates of the Cobb-Douglas function's parameters   
 
Parameter Variable Estimate Std. Error t value Pr(>|t|) Significance 
Intercept  1.204 0.128 9.395 < 2.2e-16 *** 
b1 L 0.085 0.018 4.916 8.8e-07 *** 
b2 Z -0.020 0.007 -2.704 0.007 *** 
b3 K 0.936 0.013 74.195 < 2.2e-16 *** 
σ2  0.207 0.013 16.366 < 2.2e-16 *** 
γ**  0.685 0.040 17.205 < 2.2e-16 *** 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’  
 
A type of returns to scale may be identified on the basis of the parameters’ sum of the Cobb-Douglas function 
(for explanation see Rembisz 2011). The sum is close to one which indicates the existence of constant returns to 
scale among the analyzed farms. This implies that farmers are not able to achieve over proportional production value 
(output) by increasing use of their inputs.  
In the table 4 the descriptive statistics of the efficiency scores in the analyzed sample are shown. The efficiency 
of farms is on the level of 0,75; which indicates that Polish farm could produce, on average, 25% more by using of 
a given set of inputs. 
 
Table 4. Descriptive statistics of efficiency scores of the analyzed farms 
 
mean median standard deviation minimum maximum 
0,760 0,779 0,103 0,204 0,942 
 
One can observe a big range of efficiency scores in the analyzed sample (from 0,204 up to 0,942). It can be 
deducted that in the sample there is a group of objects characterized by a high efficiency score (high competitive 
farms) and per contra, a group of not competitive farms. The distribution's structure of efficiency scores is shown in 
the Figure 1. Any of the analyzed farms achieves the efficiency score equal to the unity. One can categorize the 
shortfall of observed output from maximum feasible output in an analyzed environment (the sample). Nevertheless, 
in the literature one can find no quantitative guidelines according to the categorization. The Authors of the paper 
assume that the farms with the efficiency score higher than the mean of efficiency scores calculated for the whole 
sample (here the unity minus a shortfall of 0,24 for an average farms gives 0,76, see Table 4) are quasi-efficient. 
The majority of the analyzed farms (approximately 58%) achieve such efficiency score. These farms quite 
                                                            
** If γ =0, there is no technical inefficiency. The closer γ is to unity it is more likely that the frontier model is appropriate. The results suggest that 
inefficiencies are present in the model. In the analyzed sample the γ is statistically significant at the significance level lower than 1%. The value 
of γ is equal to 0,685 which indicates that 68,5% of the deviation in data is due to the inefficiency of farms.  
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effectively use their inputs and they can be treated as competitive, so they have the ability for a long-term, effective 
growth.  
 
 
Figure 1. Distribution of the efficiency scores in the analyzed sample 
 
The middle group covers farms with efficiency score in the range from 0,52 (the unity minus doubled shortfall of 
0,24 for an average farm) up to 0,76. In the last group the farms with the efficiency score less than 0,52 are placed. 
In both of these two groups the farms are categorized as inefficient. The Authors believe that the farms with the 
smallest efficiency score due to an inefficient use of the inputs are not competitive. These farms are not able to 
conduct the production in a long-term.  
4. Discussion  
Within the framework of the paper the theoretical background for relationships between competitiveness and 
efficiency is presented. Since the relationship is confirmed the efficiency-focused modeling based on the SFA 
method is implied for the sample of Polish farms. Some theoretical and analytical implications for modeling of 
competitiveness are detected in the study as well.  
4.1. Theoretical implications for modeling of competitiveness 
Economic growth is considered as a basis for the economic welfare of societies. Using the concept of gross 
domestic product, the economic growth can be treated as aggregated growth of the production of goods and services 
in various sectors of the economy. The main source of economic growth in agriculture sector as the article proves is 
competitiveness based on efficiency improvement. The concept presented within the framework of the paper can be 
treated as an empirical, quantitative illustration of economic modeling of competitive development. 
4.2. Analytical implications for modeling of competitiveness 
As it was shown in the paper the stochastic frontier approach can be a useful tool for estimating the efficiency on 
the firm level and therefore a tool for assessment of competitiveness of the firms. Nevertheless the analysis could be 
used for policy implications and management purposes if it would be extended by introducing into the models 
a vector of external factors like, for instance, a degree of competitive pressure, ownership form, various managerial 
characteristics, network characteristics and production quality indicators of inputs or outputs. 
In the case of the SFA, it is possible to examine the impact of exogenous variables (not included in a selected 
function) (Sellers-Rubio & Mas-Ruiz 2009, pp. 663, Coelli 1996, pp. 7, Battese & Coelli 1995). 
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4.3. Conclusions  
It is worth to mention the fact that with a limited growth of demand on agricultural products the possibilities of 
a production’s increase on the supply side (due to technological advances) are theoretically endless. In this situation, 
farm producers trying to maintain or improve the current level of profitability (and consequently revenue and 
profits) can choose the way of improving the efficiency of inputs' use. Due to the efficiency improvement – 
technical change - such producers in agri-food sector are able to perform effectively being competitive in a long-run.  
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